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© A parallel light beam is introduced from a 
collimator lens (30) into through holes defined 
in a honeycomb-shaped object (14), and any 
light emitted from the honeycomb-shaped 
object is read by a CCD camera (32) through a 
Fourier-transform lens (34) to produce a 
Fourier-transform image of the honeycomb- 
shaped object. The honeycomb-shaped object 
is tilted such that the axis of the through holes 
is inclined at a certain angle to the optical axis 
of the parallel laser beam. If the partitions con- 
tain interstices spaced at intervals and light 
introduced into the through holes passes 
through such interstices, the Fourier-transform 
image includes a stripe pattern induced by 
diffracted light from the interstices. Since the 
stripe pattern can easily be distinguished from a 
dot-matrix pattern representing light emitted 
from the through holes, the interstices con- 
tained in the partitions can reliably be detected. 
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BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a method of and 
an apparatus for inspecting a honeycomb-shaped ob- 
ject having a plurality of small through holes defined 
therein, and more particularly to a method of and an 
apparatus for inspecting a honeycomb-shaped object 
made of ceramics to determine whether there are in- 
terstices developed therein or not. 

Description of the Prior Art: 

Honeycomb-shaped objects made of ceramics 
having a plurality of small through holes defined 
therein tend to have interstices such as internal 
cracks or voids developed in thin partitions defining 
the through holes when the honeycomb-shaped ob- 
jects are manufactured. The interstices are caused to 
develop by the difference of contraction between the 
peripheral portion and the inner portion of the honey- 
comb-shaped object as the object starts contracting 
from the periphery thereof when the object is subject- 
ed to a drying process or a sintering process after the 
object has been formed. If an inspected honeycomb- 
shaped object is found to have a number of interstices 
in excess of a predetermined limit, it is discarded as 
being susceptible to functional ordurability problems. 

However, since the diameter of the through holes 
is very small and the partitions that define the through 
holes are thin, it is highly difficult to confirm the pres- 
ence of any interstices in inner partitions through a 
visual inspection process, though it is relatively easy 
to visually confirm defective interstices in the vicinity 
of both ends of the honeycomb- shaped object. 

According to a Japanese laid-open patent public- 
ation No. 58-155343 and a United States Patent No. 
4,319,840, there has been proposed a process of in- 
specting a honeycomb-shaped object for any inter- 
stices therein by applying a parallel light beam to the 
honeycomb-shaped object, inclining the axis of the 
through holes in the honeycomb-shaped object to the 
optical axis of the parallel light beam through a certain 
angle to introduce the parallel light beam into the 
through holes, and detecting any light beam that has 
passed out of the through holes to determine whether 
there are interstices in the honeycomb-shaped ob- 
ject. More specifically, when the honeycomb-shaped 
object is tilted through the angle, the light beam pass- 
ing straight through the through holes is interrupted, 
and any light beam passing through interstices is pro- 
jected onto a screen. Therefore, it can be determined 
whether there are interstices in the honeycomb-shap- 
ed object by confirming any light beam projected onto 
the screen. 

However, a certain pattern is formed on the 
screen by dispersed light that is reflected by inner wall 



surfaces of the through holes, other than the light 
beam passing straight through the through holes. 
Such a pattern cannot easily be distinguished from 
the pattern which is formed on the screen by any light 

5 beam that has passed through interstices in the hon- 
eycomb-shaped object. Furthermore, where the 
through holes are slightly curved, the light beam 
passing straight through the through holes may be 
applied to the screen depending on the angle be- 

10 tween the axis of the through holes and the optical 
axis of the light beam, and may not be distinguished 
from any light beam that has passed through interstic- 
es in the honeycomb-shaped object As a result, it 
may not be possible to determine the honeycomb- 

15 shaped object contains any undesirable interstices. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 

20 to provide a method of and an apparatus for inspect- 
ing a honeycomb-shaped object having a plurality of 
small through holes defined therein to determine or 
inspect, with greater reliability, whether the honey- 
comb-shaped object contains any undesirable inter- 

25 stices or not, by applying a parallel light beam into the 
through holes. 

Another object of the present invention is to pro- 
vide a method of and an apparatus for inspecting a 
honeycomb-shaped object, within a remarkably 

30 shortened period of inspection time, to determine or 
inspect whether the honeycomb-shaped object con- 
tains any undesirable interstices or not by applying a 
parallel light beam into the through holes defined in 
the honeycomb-shaped object. 

35 Still another object of the present invention is to 

provide a method and an apparatus for inspecting a 
honeycomb-shaped object automatically and with an 
enhanced efficiency, to determine or inspect electri- 
cally whether the honeycomb-shaped object contains 

40 any undesirable interstices or not, by applying a par- 
allel light beam into the through holes defined in the 
honeycomb-shaped object. 

According to the present invention, there is pro- 
vided a method of inspecting a honeycomb-shaped 

45 object having a plurality of through holes defined 
therein by partitions, comprising the steps of intro- 
ducing a parallel light beam into the through holes at 
a given angle with respect to the axis of the through 
holes, detecting a Fourier-transform image of the 

so honeycomb-shaped object based on light emitted 
therefrom, and determining whether there are inter- 
stices in the partitions based on the detected Fourier- 
transform image. 

Preferably, the step of determining may comprise 

55 the steps of measuring the intensity of light in a pre- 
determined zone between periodic patterns of a 
Fourier-transform image of the through holes on a 
plane, on which the Fourier-transform image of the 
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honeycomb-shaped object is formed, to make a first 
decision on whether there are interstices in the parti- 
tions based on the measured intensity of light, and if 
it is not determined that there are no interstices in the 
partitions based on the measured intensity of light by 5 
the first decision, subsequently detecting the differ- 
ence between the patterns of the Fourier-transform 
image of the through holes and a Fourier-transform 
image of any interstices in the partitions to make a 
second decision on whether there are interstices in 10 
the partitions. 

According to the present invention, there is also 
provided an apparatus for inspecting a honeycomb- 
shaped object having a plurality of through holes de- 
fined therein by partitions, comprising first means in- 15 
troducing a parallel light beam into the through holes 
at a given angle with respect to the axis of the through 
holes, second means for detecting a Fourier-trans- 
form image of the honeycomb-shaped object based 
on light emitted therefrom, and third means for deter- 20 
mining whether there are interstices in the partitions 
based on the detected Fourier-transform image. 

Preferably, the third means may comprise first 
decision means for measuring the intensity of light in 
a predetermined zone between periodic patterns of a 25 
Fourier-transform image of the through holes on a 
plane, on which the Fourier-transform image of the 
honeycomb-shaped object is formed, to determine 
whether there are interstices in the partitions based 
on the measured intensity of light, and second deci- 30 
sion means for, if it is not determined that there are 
no interstices in the partitions based on the measured 
intensity of light, subsequently detecting the differ- 
ence between the patterns of the Fourier- transform 
image of the through holes and a Fourier-transform 35 
image of any interstices in the partitions to determine 
whether there are interstices in the partitions. 

Since the through holes defined in the honey- 
comb-shaped object are arranged in the shape of a 
two-dimensional grid, the Fourier-transform image of 40 
the honeycomb-shaped object as emitted from the 
through holes is represented by a dot-matrix pattern. 
On the other hand, inasmuch as interstices formed in 
the partitions are spaced at a certain interval, i.e., in 
the shape of a one-dimensional diffraction grating, 45 
the Fourier-transform image of any interstices is rep- 
resented by a stripe pattern. Since the Fourier-trans- 
form image of any interstices and the Fourier-trans- 
form image of the through holes are clearly different 
in pattern from each other, the S/N ratio for detecting so 
any interstices based on the differently shaped pat- 
terns is so high that the interstices formed in the par- 
titions can easily and reliably be identified. 

For detecting whether there are interstices in the 
partitions based on the Fourier-transform images, as 55 
described above, the intensity of light is measured in 
a predetermined zone between periodic patterns of a 
Fourier-transform image of the through holes on a 



plane on which the Fourier-transform image of the 
honeycomb-shaped object is formed to make a first 
decision on whether there are interstices in the parti- 
tions based on the measured intensity of light, and if 
it is not determined that there are no interstices in the 
partitions, the difference between the Fourier-trans- 
form image of the through holes and a Fourier-trans- 
form image of any interstices in the partitions are sub- 
sequently determined to make a second decision on 
whether there are interstices in the partitions. Since 
the intensity of light can be detected from an image 
signal outputted by the second means, it is possible 
to quickly determine whether there are interstices in 
the partitions based on the measured intensity of 
light. Inasmuch as most honeycoml>shaped objects 
have no interstices, it is usually enough to determine 
whether there are interstices in the partitions based 
on the measured intensity of light, and any subse- 
quent processing steps may be dispensed with, re- 
sulting a reduction in the time required for inspecting 
the honeycomb-shaped object. If it is not determined 
that there are no interstices in the partitions based on 
the measured intensity of light, then it is determined 
whether there are interstices in the partitions based 
on the difference between the patterns of the Fouri- 
er-transform image of the through holes and a Four- 
ier-transform image of interstices. Accordingly, any 
interstices in the partitions can reliably be detected. 

The above and other optional features, and ad- 
vantages of the present invention will become appa- 
rent from the following description when taken in con- 
junction with the accompanying drawings which illus- 
trate a preferred embodiment of the present invention 
by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view, partly in block form, 
of an apparatus for inspecting a honeycomb- 
shaped object having a plurality of small through 
holes defined therein according to the present in- 
vention; 

FIG. 2 is an enlarged fragmentary cross- 
sectional view of a portion of the apparatus 
shown in FIG. 1; 

FIG. 3 is an enlarged cross-sectional view of a 
honeycomb-shaped object; 
FIG. 4 is a flowchart of a processing sequence of 
a method of inspecting a honeycomb-shaped ob- 
ject having a plurality of small through holes de- 
fined therein according to the present invention; 
FIG. 5 is a diagram illustrative of the mariner in 
which an image signal is processed to inspect the 
honeycomb-shaped object; 
FIG. 6 is a diagram illustrative of the manner in 
which an image signal is processed to inspect the 
honeycomb-shaped object. 
FIG. 7 is an enlarged cross-sectional view of an- 
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other honeycomb-shaped object; 
FIG. 8 is a diagram illustrative of the manner in 
which an image signal is processed to inspect the 
honeycomb-shaped object shown in FIG. 7; and 
FIG. 9 is a diagram illustrative of the manner in 
which an image signal is processed to inspect the 
honeycomb-shaped object shown in FIG. 7. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As shown in FIG. 1 , an apparatus, generally des- 
ignated by the reference numeral 10, for inspecting a 
honeycomb-shaped object having a plurality of small 
through holes defined therein according to the pres- 
ent invention has a light-shielding housing 12 which 
houses therein a tilting mechanism 16 for supporting 
a honeycomb-shaped object 14 fed by a feed mech- 
anism (not shown) and angularly moving or tilting the 
honeycomb-shaped object 14 about two axes. The 
apparatus 10 also comprises an He - Ne laser 18 for 
emitting a laser beam L to be applied to the honey- 
comb-shaped object 14, a power supply 20 for ener- 
gizing the He - Ne laser 18, an electronic shutter 22 
mounted on the tip end of the He - Ne laser 18, a pair 
of reflecting mirrors 24, 26 for fully reflecting the laser 
beam L emitted from the He - Ne laser 18, a spatial 
filter 28 for spreading the laser beam Land removing 
disturbance from the laser beam L, a collimator lens 
30 for converting the laser beam L into a parallel laser 
beam L and applying the parallel laser beam L to the 
honeycomb-shaped object 14, a Fourier-transform 
lens 34 for generating a Braunhofer-dif fraction image 
produced at an infinite point by the diffraction of the 
beam emitted from the honeycomb-shaped object 14, 
on a finite focal plane F, a reflecting mirror 36, a fo- 
cusing lens 38, a reflecting mirror 40, a CCD camera 
32 for inputting an image, and a power supply 42 for 
energizing the CCD camera 32. The tilting mecha- 
nism 16 is provided with a photo-electric sensor or a 
proximity switch 45 for detecting whether there is the 
honeycomb-shaped object 14 put thereon or not. The 
housing 12 also houses a proximity switch 44 for de- 
tecting whether the lid of the housing 12 is opened or 
closed, thereby to prevent an accidentfrom occurring 
during an inspection process. 

The apparatus 10 also includes a controller 46 for 
controlling the tilting mechanism 16, an image proc- 
essor 48 for processing an image signal read from the 
CCD camera 32, a monitor display unit 50 for display- 
ing an image processed by the image processor 48, 
and a personal computer 52 connected to the control- 
ler 46, the image processor 48, the electronic shutter 
22, and the proximity switch 44. 

As shown in FIGS. 2 and 3, the honeycomb-shap- 
ed object 14 has a plurality of parallel through holes 
56 defined and divided by a plurality of parallel parti- 
tions 54. The cross-sectional shape of the through 



hole 56 is not limited to one shown in FIGS. 2 and 3, 
but it may be a triangle, a rectangle, a hexagon and 
so forth. 

The apparatus 10 can detect defects such as 
5 cracks or crevices, hereinafter referred to as interstic- 
es 58, in the partitions 54 of the honeycomb-shaped 
object 14 based on the detection principle described 
below. 

As shown in FIG. 2, a parallel laser beam L, which 

10 is inclined at a certain angle to the axis of the through 
holes 56, indicated by the dot-and-dash line, in the 
honeycomb-shaped object 14, is introduced into the 
through holes 56 from ends 56a thereof. Here, the 
honeycomb-shaped object 14 has the partitions 54 of 

15 0.05 to 2.0 mm thick and the through holes 56 at a 
density of 5 to 1 ,500 per square inch. If the partitions 
54 have interstices 58, then the parallel laser beam L 
passes through the interstices 58, and are emitted out 
of the through holes 56 from their opposite ends 56b. 

20 The parallel laser beam L then travels through the 
Fourier-transform lens 34. As shown in FIG. 3, the in- 
terstices 58 are positioned at certain intervals on one 
diagonal line (see also FIG. 2), and hence virtually 
form a diffraction grating. Therefore, the parallel laser 

25 beam L that has passed through the interstices 58 
and been emitted out of the honeycomb-shaped ob- 
ject 14 is focused by the Fourier-transform lens 34 as 
a Fourier-transform image of interstices 58 on the fo- 
cal plane F, as described later (see FIG. 5). Since the 

30 interstices 58 are arrayed at certain intervals on one 
diagonal line, the Fourier- transform image thereof 
represents a pattern of parallel oblique stripes 
spaced at constant intervals. On the other hand, a 
Fourier-transform image of through holes 56 repre- 

35 sents a dot-matrix pattern because the through holes 
56 are arranged in a two-dimensional grid. Since the 
Fourier-transform image of interstices 58 is widely 
different from the Fourier-transform image of through 
holes 56, any interstices 58 can easily and reliably be 

40 detected based on the difference between those 
Fourier-transform images. Incidentally, there are cas- 
es where the interstices 58 are arranged on one vert- 
ical or horizontal straight line as shown in FIG. 7, 
other than one diagonal line. 

45 Now, an inspection process will be described in 

detail below with reference to the processing se- 
quence shown in FIG. 4, which is executed by the per- 
sonal computer 52. First, as shown in FIG. 4, the hon- 
eycomb-shaped object 14 is delivered onto the tilting 

so mechanism 16 in the apparatus housing 12 by the 
non-illustrated feed mechanism in a step S1. When 
the honeycomb-shaped object 14 is placed on the tilt- 
ing mechanism 16, a detection signal is outputted 
from the photo-electric sensor 45, and the detection 

55 signal is fed to the personal computer 52 through the 
controller 46. In response to this signal indicating that 
the honeycomb-shaped object 14 has been placed on 
the tilting mechanism 16, the personal computer 52 
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supplies an opening signal to the electronic shutter 22 
to open the electronic shutter 22 in a step S2. Then, 
the personal computer 52 starts a measuring opera- 
tion in a step S3. The personal computer 52 then ap- 
plies a signal to enable the controller 46 to actuate the 
tilting mechanism 16 for tilting the through holes 56 
in the honeycomb-shaped object 14 from the optical 
axis through angles 4> m , 0 m about respective axes in a 
step S4. If the inspection process is effected for the 
first time, then the suffix (the number of decision cy- 
cles) m = 1 for the angles <|> m> 9 m . 

The Ne - Ne laser 1 8 emits a laser beam L toward 
the reflecting mirror 24, which reflects the laser beam 
L toward the reflecting mirror 26. The laser beam L is 
then reflected by the reflecting mirror 26 and travels 
through the spatial filter 28 and the collimator lens 30, 
which converts the laser beam L into a parallel laser 
beam Lthat passes through the honeycomb-shaped 
object 14. As shown in FIG. 2, the parallel laser beam 
L from the collimator lens 30 enters the through holes 
56, which has been tilted through the angles <|> m , 6 m , 
from the ends 56a thereof. The laser beam L is then 
emitted out of the through holes 56 from the ends 
56b, and focused by the Fourier-transform lens 34 as 
a Fourier-transform image on the focal plane F via the 
reflecting mirror 36. The Fourier-transform image 
formed on the focal plane F is read by the CCD cam- 
era 32 through the focusing lens 38 and the reflecting 
mirror 40, and an image signal is supplied from the 
CCD camera 32 to the image processor 48 in a step 
S5. The image signal is then supplied from the image 
processor 48 to the monitor display unit 50, which dis- 
plays the Fourier-transform image. 

The Fourier-transform image shown in FIG. 3, 
which is obtained from the honeycomb-shaped object 
14 including interstices 58 therein, and displayed on 
the monitor display unit 50, will be described below 
with reference to FIG. 5. 

If the honeycomb-shaped object 14 is normal with 
the through holes 56 having a straight axis and the 
partitions 54 having no interstices 58, then no image 
is displayed on the display screen of the monitor dis- 
play unit 50. No image is displayed on the display 
screen of the monitor display unit 50 because the par- 
allel laser beam L that has entered the through holes 
56 cannot travel straight, but is dispersed in the 
through holes 56, because the through holes are tilt- 
ed by a certain angle by the tilting mechanism 16. 

If the honeycomb-shaped object 14 is of such a 
nature that the through holes 56 have a straight axis 
and the partitions 54 have interstices 58, then the par- 
allel laser beam L may pass through the inclined 
through holes 56 and be emitted out of the honey- 
comb-shaped object 14. In this case, the interstices 
58 are periodically arranged on one straight line 
which serve as a diffraction grating, and the display 
screen of the monitor display unit 50 displays a pat- 
tern of bright stripes 60a which represent a Fourier- 



transform image of the interstices 58 arranged on the 
straight line (see FIG. 5). 

On the contrary, if the honeycomb-shaped object 
14 is of such a nature that the through holes 56 have 

5 a curved axis but the partitions 54 have no interstic- 
es, then the parallel laser beam L may occasionally 
pass through the through hole 56 inclined at a certain 
angle and emitted from the honeycomb-shaped ob- 
ject 14. In such an occasion, the display screen of the 

10 monitor display unit 50 displays a matrix of bright dots 
or spots 60b which represent a Fourier-transform im- 
age of the interstices 58 arranged on a two-dimen- 
sional grid. In this occasion, since the through holes 
56 are curved, the laser beam L emitted out of the 

15 through holes 56 is dispersed in the through holes 56. 
The dispersed light is diffracted, producing bright 
areas 60c around the bright spots 60b on the display 
screen of the monitor display unit 60. 

If the honeycomb-shaped object 14 is of such a 

20 nature that the through holes 56 have a curved axis 
and the partitions 54 have interstices 58, then the par- 
allel laser beam L that has passed through the inter- 
stices 58 and been emitted out of the honeycomb- 
shaped object 14, which are inclined through the an- 

25 gles <j> m , 9 m , produces, on the display screen of the 
monitor display unit 50, a Fourier-transform image of 
the through holes 56 that is composed of bright spots 
60b and bright areas 60c, and a Fourier-transform im- 
age of interstices 58 that is composed of bright stripes 

30 60a. 

If the ends 56a, 56b of the honeycomb-shaped 
object 14 are inclined beforehand, then the axis of the 
through holes 56 may be brought into alignment with 
the optical axis of the parallel laser beam L when the 

35 honeycomb-shaped object 14 is tilted. The parallel 
laser beam L may now pass through the through holes 
56, forming a matrix of bright spots on the display 
screen of the monitor display unit 50. For the interstic- 
es 58 shown in FIG. 7, a Fourier-transform image is 

40 displayed as shown in FIG. 8. 

Where some bright image is displayed on the dis- 
play screen of the monitor display unit 50, the image 
processor 48 effects the following operation on the 
image signal: First, the image processor 48 estab- 

45 lishes a window 62 with respect to the image signal 
representing the bright image as shown in FIG. 5. The 
window 62 is positioned vertically (extending horizon- 
tally) intermediate between two adjacent arrays of 
bright spots 60b and bright areas 60c, as shown in 

50 FIG. 5. The window 62 may be positioned horizontally 
(extending vertically) as shown in FIG. 9. Then, the 
image processor 48 detects the brightness u, of each 
block 64 composed of a vertical array of several pixels 
within the window 62, and then detects the peak value 

55 of the brightness u, in the window 62 in a step S6. 
Thereafter, the image processor 48 stores the detect- 
ed peak value in a second memory 49 in the image 
processor 48 and compares the detected peak value 
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with a reference brightness u 0 preset and stored in a 
first memory 51 beforehand, by a comparator 53 in a 
step S7. Here, it is possible to send the detected peak 
brightness u-, directly to the personal computer 52 and 
compare it with the reference brightness u 0 preset in 5 
the computer program. If the peak brightness is 
lower than the reference brightness u 0 , then the im- 
age processor 48 determines that no interstices are 
detected. This is because if there are interstices 58 in 
the partitions 54 of the honeycomb-shaped object 14, 10 
then a pattern of bright stripes 60a representative of 
a Fourier-transform image of such interstices 58 al- 
ways appears in the window 62. Therefore, if the peak 
brightness u-, is lower than the reference brightness 
u 0 , then control returns to the step S4, and the per- 15 
sonal computer 52 controls the controller 46 to ac- 
tuate the tilting mechanism 1 6 to tilt the honeycomb- 
shaped object 14 through new angles (J> m+1 , 9 m+1 . 
Thereafter, the steps S5 through S7 are repeated. 

The image processing of the steps S5 through S7 20 
was effected by image processing apparatuses 
SPICCA-II made by Nippon Avionics Co. and PIP- 
4000 made by ADS Co. Reference was made to such 
as "Image Analysis Handbook" (Tokyo Univ. Press) 
and "Computer Vision" (Marubun Publishing). 25 

In the steps S6, S7, as shown in FIG. 5, the image 
processor 48 only detects the brightness u A from the 
image signal which is outputted from the CCD cam- 
era 32 as representing the window 62, and compares 
the peak value of the brightness u 1 with the reference 30 
brightness u 0 . Since the image processor 48 does not 
process the image signal itself, its operation is very 
quick. 

Inasmuch as the window 62 is positioned vertical- 
ly intermediate between two adjacent arrays of bright 35 
spots 60b and bright areas 60c, these bright spots 
60b and bright areas 60c are excluded when the 
brightness is detected within the window 62 in the 
step S6. Consequently, the execution of a step S8 
and following steps which would be carried out even 40 
in the absence of interstices 58 in the partitions 54 is 
made less frequent, resulting in a reduction in the 
speed of the inspection process. 

If there are interstices 58 developed in the parti- 
tions 54 of the honeycomb-shaped object 14, a Four- 45 
ier-transform image composed of bright stripes 60a 
which is produced by diffracted light from the inter- 
stices 58 is displayed on the display screen of the 
monitor display unit 50. As shown in FIG. 5, when the 
window 62 is established vertically intermediate be- 50 
tween two adjacent arrays of bright spots 60b and 
bright areas 60c, the bright stripes 60a are contained 
in the window 62. Thus, the brightness of a block 
62 which includes a bright stripe 60a is higher than 
the reference brightness u 0 , with the result that the in- 55 
terstices 58 can reliably be detected. 

If the honeycomb-shaped object 14 is normal with 
no interstices 58 present therein, the peak value of 



the brightness u n is lower than the reference bright- 
ness u 0 (u! < u 0 ), and the steps S4 ~ S7 are repeated. 
Even if the honeycomb-shaped object 14 is normal, 
however, diffracted light or other dispersed light may 
enter the window 62, and the peak value of the bright- 
ness U! may become equal or higher than the refer- 
ence brightness u 0 (u, ^ u 0 ). In this case, it is impos- 
sible to determine whether there are interstices 58 in 
the partitions 54 or not, solely based on the compar- 
ison of brightness levels. To determine whether there 
are interstices 58 in the partitions 54 or not, the pat- 
tern of a displayed Fourier-transform image is identi- 
fied in the following manner: 

The contrast of the displayed Fourier-transform 
image is enhanced in a step S8, and the Fourier- 
transform image is converted into a binary signal in 
a step S9. Then, small noise due to a speckle pattern 
generated by light dispersed by the partitions 54 in 
the through holes 56 is removed in a step S10. In the 
noise reduction of the step S 10, a conventional image 
processing method is used. Noise components repre- 
sented by an area smaller than a reference pattern 
area, are removed. If the image contains a bright re- 
gion larger than a predetermined area, then such a 
bright region is removed in step S11 . This is a reverse 
process of the step S10, in which a region larger than 
a predetermined area is removed. The reason for re- 
moving such a bright region is as follows: The through 
holes 56 may be slightly curved and the parallel laser 
beam L may pass through the curved through holes 
56 even though the axis of the through holes 56 is in- 
clined to the optical axis of the parallel laser beam L 
through the angles 4> mt 8 m . When this happens, hala- 
tion may be brought about. When halation is pro- 
duced, a bright region induced by the halation is rel- 
atively large, and hence should be removed in a step 
similar to the stepS11. After the step S11, the image 
is subjected to dilation and erosion to remove small 
round spots in a step S12. Since the Fourier-trans- 
form image of through holes 56 is composed of small 
round spots, most of them are removed in the step 
S12. However, the Fourier- transform image of inter- 
stices 58 is not removed as it is composed of stripes. 

Then, the image processor 48 counts bright re- 
gions displayed on the display screen of the monitor 
display unit 50. If the count n is 0 in a step S13, then 
since any diffracted light which would otherwise be 
caused by interstices 58 is not detected, and control 
returns from the step S13 to the step S4 in which the 
honeycomb-shaped object 14 is tilted through new 
angles <|> m+1 , e m *i. If the count n is 1 or greater in the 
step S13, then there is a possibility that there are in- 
terstices 58 in the partitions 54, and control proceeds 
to a step S14. 

The step S14 determines whether the count n is 
1 or not. If there are a plurality of bright regions dis- 
played on the display screen, then the image proces- 
sor 48 calculates the areas of the bright regions in a 
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step S15, and then removes all the other bright re- 
gions than the bright region which has the maximum 
area, i.e., making the number of displayed bright re- 
gions equal to 1, in a step S16. This is because it 
would be time-consuming to decide on all bright re- 
gions subsequently. Then, in a step S17, the image 
processor 48 calculates the ratio of the smaller diam- 
eter to larger diameter (= a) of the bright region which 
has the maximum area produced in the step S16 or 
the single bright region found in the step S14. For ex- 
ample, in a case where regions denoted by I, II, III, IV, 
V and VI have area values 5, 7, 8, 10 and 6, respec- 
tively in FIG. 6, it is time saving to give a command to 
the personal computer 52 to remove regions having 
area values less than 9, and remove regions other 
than IV, without determining respective area values. 
When the number of the largest bright region remain- 
ing after the removal, or the number of bright regions 
is 1 in the step S14, a ratio of a = smaller diame- 
ter/larger diameter of the bright region is calculated. 
The Image processor 48 thereafter determines 
whether the ratio a is smaller than an empirical value 
0.3 or not by a smaller diameter/larger diameter com- 
parating means 57 in the image processor 48 in steps 
S17 and S18. This decision step serves to determine 
whether the bright region is of a long slender shape 
or not. If the bright region is of a long slender shape, 
then it is judged as being produced by diffracted light 
that has passed through an interstice 58 in a partition 
54. If the ratio a is smaller than 0.3 in the step S19, 
then the honeycomb-shaped object 14 is regarded as 
containing interstices 58, as shown in FIG. 6, and 
hence being defective in a step S19. The honeycomb- 
shaped object 14 is now discharged from the appara- 
tus 10 in a step S 20. If the ratio a is equal to or greater 
than 0.3 in the step S1 8, then the bright area is judged 
as being caused by other than any interstices, and 
control returns from the step S18 to the step S4. 
Judging method by using the ratio of smaller diameter 
to larger diameter is known from the aforementioned 
references. 

If no interstices are found in the partitions 54 in 
the steps S7, S13, S18, then the number m of deci- 
sion cycles is incremented in a step S20, and there- 
after it is determined whether the number m of deci- 
sion cycles has reached a predetermined number a, 
4-8 for instance, or not in a step S21. If the number m 
of decision cycles has reached the predetermined 
number a, then the honeycomb-shaped object 14 is 
judged as being normal in a step S22, and the inspec- 
tion process is ended. The honeycomb-shaped object 
14 is discharged from the apparatus 10. 

According to the above inspection process and 
the apparatus 10 which carries out the inspection 
process, as described above, both a stripe pattern 
composed of bright stripes 60a which represents a 
Fourier-transform image of interstices 58 and a dot- 
matrix pattern composed of bright spots 60b and 



bright areas 60c which represents a Fourier-trans- 
form image of through holes 56 are detected. Since 
the bright spots 60b and bright areas 60c which make 
up a dot-matrix pattern and are produced by diffract- 

5 ed light having passed through the through holes 56 
in the shape of a two-dimensional grid, and the bright 
stripes 60a which make up a stripe pattern and are 
produced by diffracted light having passed through 
the interstices 58 are clearly different in shape from 

10 each other, the S/N ratio for detecting the interstices 
58 based on the differently shaped patterns is so high 
that the interstices 58 formed in the partitions 54 can 
easily and reliably be identified. 

Because the window 62 is positioned vertically 

15 intermediate between two adjacent arrays of bright 
spots 60b and bright areas 60c, these bright spots 
60b and bright areas 60c are excluded when the 
brightness peak is detected within the window 62 in 
the step S6. Consequently, the execution of the step 

20 8 and following steps is made less frequent which 
would be caused if a brightness peak produced by 
light having passed through the through holes 56 
were higher than a predetermined value in the step 
S7, representing a bright stripe 60a, even in the ab- 

25 sence of interstices 58 in the partitions 54. Therefore, 
the speed of the overall inspection process is in- 
creased. 

While the laser beam is employed as light for ir- 
radiating the honeycomb-shaped object 14, other co- 
30 herent light may be employed, and hence any means 
for producing such coherent light may replace the He 
- Ne laser 18. 

Although a certain preferred embodiment of the 
present invention has been shown and described in 
35 detail, it should be understood that various changes 
and modifications may be made therein. 



Claims 

40 

1. A method of inspecting a honeycomb-shaped ob- 
ject having a plurality of through holes defined 
therein by partitions, comprising the steps of: 

introducing a parallel light beam into the 
45 through holes at a given angle with respect to the 

axis of the through holes; 

detecting a Fourier-transform image of the 
honeycomb-shaped object based on light emitted 
therefrom; and 
so determining whether there are interstices 

in the partitions based on the detected Fourier- 
transform image. 

2. A method according to claim 1, wherein said step 
55 of determining comprises the steps of: 

measuring the intensity of light in a prede- 
termined zone between periodic patterns of a 
Fourier-transform image of the through holes on 
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a plane, on which the Fourier-transform image of 
the honeycomb-shaped object is formed, to make 
a first decision on whether there are interstices in 
the partitions based on the measured intensity of 
light; and 

if it is determined that there are not inter- 
stices in the partitions based on the measured in- 
tensity of light, subsequently detecting the differ- 
ence between the patterns of the Fourier-trans- 
form image of the through holes and a Fourier- 
transform image of any interstices in the parti- 
tions to make a second decision on whether there 
are interstices in the partitions. 

3. A method according to claim 2, wherein said in- 
tensity of light is measured in the predetermined 
zone intermediate between adjacent bright re- 
gions which represent the through holes in the 
honeycomb-shaped object. 

4. A method according to claim 3, wherein said in- 
tensity of light comprises the brightness of light. 

5. A method according to claim 4, further compris- 
ing the steps of: 

comparing a peak value of the brightness 
of light measured in the predetermined zone in- 
termediate between said adjacent bright regions 
with a preset reference value; and 

if said peak value is higher than the refer- 
ence value, then determining that there are inter- 
stices in the partitions. 

6. A method according to claim 2, further compris- 
ing the steps of: 

counting bright regions representing the 
Fourier-transform images; and 

if the count is 1 or more, then calculating 
the ratio of the smaller diameter to larger diame- 
ter of a selected one of the bright regions to de- 
termine whether there are interstices in the par- 
titions. 

7. A method according to claim 6, further compris- 
ing the step of: 

determining that there are interstices in 
the partitions if the ratio of the smaller diameter 
to larger diameter is smaller than 0.3. 

8. An apparatus for inspecting a honeycomb-shap- 
ed object having a plurality of through holes de- 
fined therein by partitions, comprising: 

first means introducing a parallel light 
beam into the through holes at a given angle with 
respect to the axis of the through holes; 

second means for detecting a Fourier- 
transform image of the honeycomb-shaped ob- 
ject based on light emitted therefrom; and 



third means for determining whether there 
are interstices in the partitions based on the de- 
tected Fourier-transform image. 

5 9. An apparatus according to claim 8, wherein said 
first means comprises an optical system includ- 
ing a laser beam source for emitting a laser beam 
as said parallel light beam, and a tilting mecha- 
nism for tilting the honeycomb-shaped object 

10 through said given angle. 

10. An apparatus according to claim 8, wherein said 
third means comprises first decision means for 
measuring the intensity of light in a predeter- 

15 mined zone between periodic patterns of a Four- 

ier-transform image of the through holes on a 
plane which forms the Fourier-transform image 
of the honeycomb-shaped object thereon to de- 
termine whether there are interstices in the par- 

20 titions based on the measured intensity of light, 

and second decision means for, if it is determined 
that there are not interstices in the partitions 
based on the measured Intensity of light, subse- 
quently detecting the difference between the 

25 patterns of the Fourier-transform image of the 

through holes and a Fourier-transform image of 
any interstices in the partitions to determine 
whether there are interstices in the partitions. 

30 11. An apparatus according to claim 10, wherein said 
first decision means comprises image display 
means for displaying an image, and means for es- 
tablishing a window between adjacent bright re- 
gions, which represent the through holes in the 

35 honeycomb-shaped object, displayed on said im- 

age display means. 

12. An apparatus according to claim 11, wherein said 
first decision means further comprises first mem- 

40 ory means for storing a reference brightness sig- 

nal, second memory means for storing a bright- 
ness signal representing a bright region dis- 
played in said window on said image display 
means, and comparing means for comparing an 

45 output signal from said first memory means and 

an output signal from said second memory 
means. 

1 3. An apparatus according to claim 1 0, wherein said 
50 second decision means comprises means for 

counting bright regions representing the Fourier- 
transform images, and means for comparing the 
smaller diameter and the larger diameter of a se- 
lected one of the bright regions. 
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